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Introduction
46
The consumption of free and refined sugar in the diet is one of the main causes for obesity in which strongly recommends that adults and children reduce their daily intake of free sugars to 63 less than 10% of their total energy intake. A conditional recommendation was also made to 64 further reduce free sugar intake to below 5% of total energy intake (WHO 2015) .
65
Confectionery and snacks account for 9% of carbohydrate intake in Irish adults, therefore 66 reducing sugar in these products would be a significant development in reducing the dietary 67 intake of sugar (Irish Universities Nutrition Alliance (IUNA) 2011). However, sugar has a 68 huge part to play in the sensory properties of confectionery products, such as cake and cake-69 like products. Consequently, reducing sugar in these products presents a huge challenge for 70 the food industry. Sugar is responsible for the sweetness in cakes and muffins and sucrose is 71 the most commonly used sugar in cake making (Bennion and Bamford, 2013) . According to facilitated by the addition of sucrose (Shepard & Yoell, 1976) . This lightens the batter and air 76 pockets formed during creaming expand and lift the batter, causing it to rise during baking. 2014; Azad et al. 2016) . In a recent US Mintel survey it was found that 64% of respondents 89 indicated they were concerned about the safety of "artificial" sweeteners. (Gardner et al. 90 2012). This is an important finding for the food industry if companies are to implement 91 replacement strategies using artificial sweeteners. Therefore, it is necessary to pursue other 92 strategies for sugar reduction/replacement in such products.
93
In this study, a new strategy of sugar reduction based on the manipulation of sugar particle 94 size is proposed. From extensive review of the scientific literature, we have not been able to 95 detect research investigating the effect of sugar particle size on sweetness perception and 96 overall acceptability of cakes. Sugar particle size has been shown to affect flour cookie 97 quality (Kissel, Marshall, Yamazaki, 1973 
104
The primary objective of this study was to determine the effect of sugar particle size on the 105 sensory (hedonic, descriptive) and physical properties of chocolate brownies and to determine 106 if this approach might constitute an effective strategy for reducing sugar levels in 107 confectionery-type products.
Materials and methods
M
A N U S C R I P T A C C E P T E D and after drying, using methodologies described below. Moisture content (%) was kept 124 constant at 0.5% for all sugar fractions. Dried Sugar was ground by hand using rolling pins 125 and mechanically sieved through a sequence of sieves (90, 180, 212, 355, 500, 710, 1,180 and 
147
1877 µm (large-particle replacement), MPR 627-1214 µm (medium-particle replacement), SPR 148 µm (small-particle replacement) and MIX (mix of 50% SPR, 40% MPR and 10% of the finer 
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Chocolate brownies were placed on a rack for cooling for one hour before being removed and 159 placed into plastic containers for storage prior to testing. 
186
The consensus list of sensory descriptors (Table 1, College Cork using 70 trained assessors in total over three separate sessions (25+25+20=70).
192
The samples (2x2x2cm) were served coded in randomised order and presented Photographs were taken of the chocolate brownie samples portioned out for sensory analysis 197 using a digital camera (Nikon D3200, Japan). Table 2 . Table 3 .
278
The control sample (C 200-5181 µm ) was negatively associated with crust darkness, (p<0.001). 
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The slightly higher chewiness values (9.8 ± 0.12 N-mm) associated with chocolate brownie 322 samples containing LPR 924-1877 µm could be a reason why these samples were liked so much 323 in terms of texture and also may be a reason why these samples were not perceived correctly 324 as the hardest samples as determined during sensory evaluation (see Table 3 ). No significant 325 differences were observed between brownie samples with respect to other physical product 326 parameters such as adhesiveness, springiness, cohesiveness, or resilience.
327
In accordance with sensory data, control brownie samples had the lightest crust, which was 328 different (p<0.05) from any other sample (Table 5 ). Trends showed that as sugar particle size 26.24 to 27.64% as shown in Table 6 . However, moisture content varied significantly 342 between samples. As sugar particle size decreased, moisture content increased in brownie Table 3 Significance of estimated regression coefficients (ANOVA values) for the relationship of sensory terms (hedonic & intensity) and Chocolate Brownies prepared with varying sugar particle sizes
Significance of regression coefficients*=P≤ 0.05, **= P≤ 0.01, ***= P≤ 0.001. -indicates whether the correlation is negatively correlated. LPR; large particle replacement MPR; medium particle replacement and SPR; small particle replacement Table 4 Texture profile analysis (TPA) values for Chocolate brownies made with decreasing sugar particle size.
abc mean values (± standard deviation) in the same row bearing different superscripts are significantly different, P < 0.05. Table 5 Colour lightness values (L*) for Chocolate brownies made with decreasing sugar particle size abc mean values (± standard deviation) in the same row bearing different superscripts are significantly different, P < 0. 
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• Small sugar particles increase sweetness intensity perception in chocolate brownies.
• Small sugar particles enhance the soft and moist texture of chocolate brownies.
• Sugar particle size manipulation significantly affects appearance, texture and colour liking of chocolate brownies.
